Recently, the effectiveness of novel immune checkpoint inhibitors and BRAF-directed therapies has been demonstrated in advanced melanoma trial populations. Limited research, however, has evaluated the impact of these therapies in a real-world setting. The aim of this study was to evaluate treatment patterns and clinical outcomes among advanced melanoma patients treated with modern therapies within community oncology clinics.
Introduction
In 2019, it is estimated that 96,480 new melanoma cases will be diagnosed in the United States (US) and approximately 7000 patients will succumb to the disease. [1] Melanoma is the fifth most common cancer in the US and is confined to the primary site in 84% of cases. [1] [2] [3] As melanoma spreads to regional lymph nodes or more distant sites, treatment becomes more challenging and the 5-year survival rate decreases to 22.5%, although advancements in treatment options have improved survival rates in the last few years. [2, 4, 5] For decades, there had been a lack of effective therapy for advanced melanoma. [6] Commonly used therapies were cytotoxic chemotherapies and cytokine-based immunotherapy (interferon, interleukin-2) which were primarily palliative in nature with no improvements in average survival seen. In the last 10 years, new effective therapies have emerged which focus either on targeting of the BRAF V600E mutation which is commonly seen in melanoma or more precise immune targeting of cytotoxic Tlymphocytes with antibodies against regulatory checkpoints.
The development of molecularly targeted therapies for melanoma was based on the knowledge that mutations in the BRAF gene are commonly seen in this disease. [7] [8] [9] [10] This activating BRAF V600 mutation leads to aberrant activation of the mitogen-activated protein kinase (MAPK) pathway, a welldocumented cancer cell growth pathway. Multiple drugs targeting BRAF V600 mutations have been approved by the US Food and Drug Administration (FDA), including vemurafenib, dabrafenib, and encorafenib, based on their ability to improve survival outcomes for patients with BRAF-mutant melanoma. [6, 11] Additionally, co-targeting of the MEK protein in combination with BRAF inhibition has shown improved efficacy compared to targeting BRAF alone and led to the FDA approval of several BRAF/MEK inhibitor combinations. [11, 12] These are dabrafenib/trametinib, vemurafenib/cobimetinib, and encorafenib/binimetinib. Combination BRAF/MEK inhibition therapy has become a standard option for patients with BRAF V600-mutant melanoma, although secondary resistance still manifests with combination therapy for a high proportion of patients. [13, 14] In parallel with the advances seen in molecularly targeted BRAF therapy, novel immunotherapeutics that target T-cell regulation have also shown dramatic benefit for advanced melanoma patients. [6] The discovery of immune checkpoints on cytotoxic T-cell lymphocytes led to therapeutic antibodies that can impact the anticancer immune response. The inhibitory T-cell lymphocyte surface receptors, cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) and programmed cell death protein-1 (PD-1) function to depress T-cell function and have been fruitful targets for anti-body drug development. Ipilimumab is a monoclonal antibody against CTLA-4 was a first in class agent in this new immunotherapy field and showed in phase III clinical trials to have an overall survival (OS) benefit for patients with advanced melanoma. [15] The PD-1 antibodies, pembrolizumab, and nivolumab, have also demonstrated improved efficacy results with better response rates and survival outcomes compared to ipilimumab and conventional chemotherapy. [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] In the KEYNOTE (À001, À002, and À006) and CheckMate (À066, À067, and À069) clinical trials, pembrolizumab, and nivolumab, respectively, were observed to have improved rates of response, OS and progression-free survival (PFS) relative to conventional chemotherapies and ipilimumab. [16] [17] [18] [19] [20] [21] [22] [23] A recent Cochrane meta-analyses of 122 randomized control trials confirmed the benefit of anti-PD1 therapies. [24] Compared with either chemotherapies or anti-CTLA4 monoclonal antibodies, anti-PD1 therapy improved OS and PFS with less toxicity. [25, 26] BRAF and MEK inhibitors (alone or in combination) performed better than chemotherapy but were not compared in any of the included trials with anti-PD1 monotherapies.
Given the independent outcomes observed with BRAF/MEK inhibitors and immunotherapies in clinical trials, research has begun exploring the potential additive benefit of combination treatment for unresectable and/or metastatic melanoma. [6] Specifically, there is interest in understanding how targeted therapy and immunotherapies may have a synergistic relationship to sensitize the immune system to target tumors and improve clinical outcomes. For example, improved survival and response have been noted among patients who received dual immune checkpoint inhibition with ipilimumab and nivolumab relative to nivolumab or ipilimumab monotherapies. [22, 27] While this initial evidence has shown promise, the combination of these treatment has also been associated with increased toxicity. [22, 28] The treatment landscape for advanced melanoma has rapidly evolved with the advent of several novel therapies for the past few years. Whitman et al performed a retrospective analysis of treatment patterns and outcomes among advanced melanoma patients who initiated first-line (1L) treatment in clinical practices. [29] The authors reported that novel therapeutic options for advanced melanoma have resulted in a complex treatment landscape that providers must navigate to identify the most appropriate therapy for their patients. Additionally, the authors reported that ipilimumab-based regimens, anti-PD1 monotherapies, and BRAF/MEK inhibitors were received by the study population, which exhibited favorable clinical outcomes. Overall, limited research has evaluated optimal treatment selection strategies for patients with advanced melanoma and considered reasons for treatment discontinuation. [29] This study aimed to improve understanding of the latest treatment landscape for advanced melanoma in the US real-world clinical practices. Specifically, to provide real-world insight into treatment patterns, reasons for treatment discontinuation, and clinical outcomes, including PFS, of advanced melanoma patients receiving care in an integrated large network of US-based community oncology clinics.
Methods
This was a retrospective, observational, descriptive study of advanced melanoma patients who initiated 1L treatment in the US Oncology Network (USON) community setting between 1 January 2014 and 31 December 2016. Data were sourced from the electronic healthcare records (EHR) of the USON, iKnowMed (iKM). iKM is an oncology-specific EHR database that captures outpatient practice encounter history for patients who received care within the USON. A structured data extract of the iKM database was used to address most research questions of the study and a targeted chart review provided supplemental information captured from unstructured fields of the EHR. The Social Security Death Index (SSDI) was used to supplement the data available in iKM on vital status and dates of death.
Patients were eligible if they were at least 18 years of age, diagnosed with advanced melanoma and initiated any 1L treatment during the study identification period between 1 January 2014 and 31 December 2016. Additionally, patients were required to have at least 2 visits during the study period at USON clinics that had fully implemented the iKM EHR. Patients were excluded if they were enrolled in clinical trials and/or had another cancer diagnosis besides basal cell carcinoma, squamous cell carcinoma, bladder carcinoma in situ and cervical carcinoma in situ.
The index date was the start date of 1L anticancer therapy during the patient identification period. The look-back period included patients' entire medical histories within USON and varied based on the length of disease and treatment time within the USON. Baseline data were measured 30 days prior to the index event and all study variables and outcomes were assessed regardless of maximum follow-up using data available until the end of the study period. All patients were followed until 31 December 2017 or until the date of last visit, or death, whichever came first.
Descriptive analyses were conducted to assess demographic, clinical and treatment characteristics among the overall cohort of patients initiating treatment, stratified by treatment regimens in the 1L, second-line (2L) and third-line setting and beyond (3L+ Results are presented for the overall study population and for the following treatment subgroups: anti-PD1 monotherapies, BRAF/MEK combination therapy, ipilimumab monotherapy, ipilimumab/nivolumab, BRAF or MEK monotherapy, as well as an "other" category for regimens that were not classified into one of the other groups. Continuous variables were described by mean, standard deviation, median, and range; categorical variables were defined by frequencies and percentages. Demographic and clinical characteristics were compared using Chisquare/Fisher exact test (for categorical variables) and t test/ Mann-Whitney U test/ANOVA/Kruskal-Wallis test (for the continuous variables), as applicable.
Kaplan-Meier methods were used to examine time-to-event endpoints, including OS, time-to-next-treatment (TTNT) and physician-assessed PFS with medians and 95%. OS was calculated from the initiation of treatment until date of death from any cause. Patients who did not die were censored for OS on the last visit date available in the database. TTNT was defined as the time from the initiation of the prior treatment until the start of a new treatment. Patients who did not advance to the next treatment or died before receiving the next treatment were censored for TTNT on the last visit date available in the database.
Physician-assessed PFS is the interval from initiation of treatment until the date of physician-documented assessed disease progression. Patients who did not progress and were still alive were censored for PFS on the last visit date available in the database.
Univariate and multivariable Cox regression models were used to assess baseline predictive factors associated with OS and physician-assessed PFS. Select characteristics considered for univariate assessment were based on clinical relevance/and or best-practice. These include baseline characteristics such age, performance status, biomarkers, sites of metastases, as well as prior surgery and first-line treatment (pembrolizumab vs BRAF/ MEK combination therapy).
All variables were fitted into a multivariable Cox proportional hazard regression model to assess independent associations between variables of interest and probability of an event adjusting for the influence of other variables within the model. Subsequently, those demonstrating significance using the confounder approach were retained for the final model.
Analyses were conducted using SAS 9.4 (SAS Institute Inc., Cary, NC). An alpha level of less than .05 was the primary criterion for statistical significance in this study.
The study was reviewed and granted exception and waiver of consent by the US Oncology, Inc. Institutional Review Board.
Results
A total of 13,950 adult patients with advanced melanoma and treated at a USON clinic were initially identified in the iKM database (Fig. 1 ). Of these, 484 met eligibility criteria and were included in the analysis. The median age for all patients was 65 years (range, 26-90+) with nearly half (47.9%) of patients under 65 years at initiation of 1L treatment ( Table 1 ). The majority was male (66.7% vs 33.3% female). Across the study cohort, 93.8% were Caucasian, 1.0% Black/African American and 5.2% other or unknown. At diagnosis of melanoma, 75.8% were diagnosed with Stage III or IV. At initiation of 1L treatment, 66.3% had an ECOG performance status score of 0 or 1. The large majority of melanoma patients did not have a known PD-L1 expression status (95.5%).
Front-line therapy the patient population was tabulated with a number of various therapies observed (Table 1 ). In the 1L setting, for the entire cohort, 67.5% of patients received immunotherapy, 26.2% received BRAF-directed therapies, and 6.2%. More granularly, 24.2% received pembrolizumab, 12.8% received nivolumab, 37.0% received anti-PD1 monotherapies, 26.4% ipilimumab monotherapy, 19.8% BRAF/MEK combination therapy, 6.4% BRAF or MEK monotherapy, 4.1% ipilimumab/nivolumab combination therapy and 6.2% other regimens.
Among the 1L treatment regimens, a significant difference in the age at treatment initiation was observed (P < .001 across all stratifications; Table 1 ). Patients initiating an anti-PD1 monotherapy or ipilimumab in the 1L setting tended to be older compared to other treatment groups (mean age: 68.9 [SD ± 13.5] years for anti-PD1 monotherapy patients, 65. 8 Across the study cohort, 43.2% were BRAF positive, 47.5% were negative and 9.3% unknown ( Table 1) . As might be expected, significant difference in BRAF status was observed across treatment subgroups (P < .001), with the highest proportion of BRAF positive status among patients who received BRAF-MEK combination therapy (96.9%), and the lowest among patients who received anti-PD1 monotherapy (21.2%) or ipilimumab monotherapy (21.1%). The proportion of documented BRAF-positive patients in each treatment subgroup were as follows: 21.2% anti-PD1 monotherapies, 21.1% ipilimumab monotherapy, 30.0% ipilimumab/nivolumab, 96.6% BRAF/ MEK combination therapy and 90.3% BRAF or MEK monotherapy.
At baseline, documented lactate dehydrogenase (LDH) levels were elevated among 29.8% of the study population (while 37.2% had normal levels and 33.1% no LDH documentation at index; Table 1 ). Significant differences (P = .005) in the proportion of patients with elevated LDH levels were observed across treatments, with the highest levels observed among patients who received other treatments (such as dabrafenib/ ipilimumab/trametinib, carboplatin/paclitaxel, dabrafenib/ipilimumab and dabrafenib/nivolumab) and lowest among those who received ipilimumab monotherapy. In addition, there was a greater prevalence of patients with normal levels of bilirubin (81.6%), aspartate aminotransferase (AST; 70.5%), alanine aminotransferase (ALT; 75.4%) and albumin (66.7%). Among the study cohort, there was a high proportion of patients with lung metastases (52.1%) at initiation of 1L treatment, followed by brain (32.0%) and liver (28.5%) metastases at index ( Table 1) . Presence of brain metastases differed by 1L treatment (P = .001). A higher proportion of patients treated with BRAF/MEK inhibitors had brain metastases at initiation of 1L treatment relative to patients treated with anti-PD1 monotherapies (39.6% vs 24.0%, respectively).
Prior to initiation of 1L treatment, 29.5% of patients received radiation and 64.1% surgery. No significant differences in prior treatment were noted across the treatment subgroups.
During the study period, 451 (93.2%) patients discontinued 1L treatment with significant differences noted across treatments (P < .001; Table 2 ). Across all regimens, 33.0% of patients discontinued due to disease progression, 16.6% for treatment-related toxicities and 12.2% due to death. Within individual 1L regimens, the primary reason for treatment discontinuation was progressive disease, with the exception of toxicity for ipilimumab/nivolumab. Patients who received BRAF/MEK monotherapies had the highest proportion of patients who discontinued 1L treatment due to death (29.0%), whereas none of the ipilimumab/nivolumab patients died during 1L treatment. Similar trends were noted for reasons for 2L treatment discontinuation, with 30.9% discontinuing due to progression, 14.2% due to treatment-related toxicities and 12% due to death. Table 1 Baseline demographic and clinical characteristics of patients with advanced melanoma initiating treatment in the community oncology setting. Cowey com Following 1L discontinuation, 53.5% of all patients advanced to 2L treatment. Within the treatment subgroups, a higher proportion of ipilimumab monotherapy patients received 2L treatment (82.0%), compared with those who received BRAF/ MEK combination therapy (57.3%), BRAF or MEK monotherapy (48.4%), ipilimumab/nivolumab (45.0%) and anti-PD1 monotherapies (28.5%; Fig. 2 ). In the 2L setting immunotherapies were still the predominant regimens, with 54.1% receiving anti-PD1 and 10.8% ipilimumab; 11.2% received BRAF/MEK combination therapy, 12.4% ipilimumab/nivolumab and 11.6% other regimens.
In 3L+ setting, 34.9% received anti-PD1 monotherapies, 16.3% BRAF/MEK combination therapy and 48.8% received other regimens.
Across the study population, the median OS was 20.7 months (95% CI, 16.0-26.8; Fig. 3a) . The estimated OS at 12 and 24 months were 62.7% and 47.6%, respectively. The median physician-assessed PFS was 4.9 months (95% CI, 4.2-5.7), with estimated PFS at 12 and 24 months 29.1% and 18.2% (Fig. 3b) . The median TTNT was 5.8 months (95% CI, 5.3, 6.5; Fig. 3c) .
A univariate analysis identified the following predictors of OS: ECOG performance status at 1L treatment initiation, BMI at 1L treatment initiation, smoking status, albumin level, AST level, LDH level, bone metastases, brain metastases, liver metastases, prior surgery and 1L treatment ( Table 4 ). No other variables, including BRAF mutation status, were found to be predictive in both multivariable models. For OS, patients with brain metastases at index were more likely to die during the study period compared to patients without brain metastases (HR = 2.888, 95% CI = 1.801-4.632).
For physician-assessed PFS, patients with brain metastases were more likely to progress during the study period relative to patients without brain metastases (HR = 2.1, 95% CI = 1.5-2.8, Cowey et al. Medicine (2019) 98:28 Medicine P < .001). Additionally, patients with low albumin were more likely to progress during the study period (HR = 1.8, 95% CI = 1.3-2.5, P = .002) adjusting for other covariates in the model.
Discussion
In this study, we examined the real-world treatment of advanced melanoma in patients treated in a network of US-based community oncology clinics. Much of the existing research on advanced melanoma patients has been conducted in clinical trials setting among patients who meet stringent inclusion and exclusion criteria. As a result, much of the existing clinical evidence for modern advanced melanoma treatments has not included patients with active brain metastases, poor performance status, and restrictive comorbid conditions. The results of this study, in contrast, presents information on patient profiles, treatment patterns and outcomes of patients treated in the community oncology setting.
Immunotherapies and BRAF-directed therapies were the most commonly observed regimens across the study population. real-world treatment patterns and clinical outcomes for patients with modern therapies, several observations regarding treatment selection were made. Across the study population, demographic and clinical characteristics were consistent with expectations of a melanoma population receiving care in the US community oncology setting.
Prior real-world research has demonstrated that most patients (56.8%) in the US are diagnosed with metastatic melanoma after the age of 55 and the malignancy is more common among male (62.5%) patients. [30] These trends were reflected in our results, which found that, among patients who initiated 1L treatment, nearly half of patients were under 65 years, with majority being Caucasian and/or male.
In the 1L setting, only about 20% of patients who received anti-PD1 or ipilimumab monotherapy were BRAF positive, suggesting a physician preference for immunotherapy in patients that did not harbor the BRAF mutation. This is despite clinical trial data showing equal benefit of CTLA-4 and PD-1 inhibition in metastatic melanoma with or without BRAF mutation. While insight into physician thinking regarding treatment choice among two available options (BRAF-focused vs immune-based therapies) is difficult to ascertain in a study such as this, it is possible that choice between these treatments is being driven by the BRAF test result alone. Other explanation may be patient tumor burden and the desire for rapid response with BRAF-focused therapy, but again this is challenging to understand in a retrospective review such as this and represents a limitation of our study.
Across all treatments, the median OS was observed to be 20.7 months, with 47.6% of patients surviving at 24 months. Following initiation of 1L treatment, the median PFS and TTNT durations were 4.9 and 5.8 months, respectively. The only factor found to be predictive of both worse OS and PFS was brain metastases. This finding highlights the aggressive nature of melanoma when it involves the brain and the dire need for further drug development that is effective at treating, controlling and preventing brain metastases.
As would be expected with the recent drug advances in the field, immune checkpoint inhibitors and BRAF/MEK combination treatment were the most common regimens across the different lines of therapy. In a retrospective claims analysis, Ma et al found that among metastatic melanoma patients treated in the US between January 2011 and August 2013, most patients (39%) received ipilimumab, 35% vemurafenib, 19% temozolomide and 7% dacarbazine. [30] By analyzing a more recent EHR dataset from Flatiron Health, Whitman et al reported that the most common 1L regimens observed in their retrospective EHRbased analysis of advanced melanoma patients treated through February 2017 were ipilimumab-based regimens (34%), anti-PD1 monotherapy (26%) and BRAF/MEK inhibitors (20%). [29] The greater utilization of anti-PD1 monotherapies and BRAF/ MEK combination therapy found in this study relative to the Ma et al and Whitman et al studies likely reflects advancements in the treatment landscape for melanoma, particularly recent approvals of anti-PD1 therapies in 2014. In our real-world population, we observed that patients are still receiving conventional chemotherapy, although this has become a small minority of the treatment usage landscape.
Disease progression was the most common reason for 1L treatment discontinuation across treatment subgroups, with the exception of ipilimumab/nivolumab combination therapy. For the ipilimumab/nivolumab subgroup, a higher proportion of patients discontinued due to toxicity than progression (44.4% vs 22.2%, respectively). Of note, however, none of the 20 ipilimumab/nivolumab patients died during 1L treatment as observed during the study observation period. In a randomized, double-blind phase 3 study, patients who received ipilimumab/ nivolumab combination therapy more frequently reported treatment-related adverse events grade 3 or 4 than those who Table 3 Univariate Cox proportional hazard models on overall survival (OS) and physician-assessed progression-free survival (PFS) among advanced melanoma patient initiating first-line treatment. received either treatment as a monotherapy (55% of ipilimumab/ nivolumab patients, 16.3% of nivolumab patients and 27.3% of ipilimumab patients). [23] The treatment subgroup sample sizes observed in this study limited comparisons of clinical outcomes across regimens. Prior research, however, demonstrated that anti-PD1 monotherapies are associated with improved clinical outcomes relative to chemotherapy and anti-CTLA4 monotherapy for advanced melanoma. [16, 17, [19] [20] [21] 24] In a German registry of melanoma patients treated between 2011 and 2014, patients without brain metastases that received first-line immunotherapy (reported to be mostly ipilimumab) had the longest OS (median 35 months). [31] Among patients with brain metastases, the longest OS was observed among those who received a targeted therapy (median 14 months). The median OS observed in this study, 20.7 weeks, is consistent with this range.
OS
The duration of follow-up may have limited comparisons that could be made across treatment groups. Specifically, the study observation period spanned from 2014 through 2017 and anti-PD1 monotherapies were approved in 2014. A potential delay in adoption of these therapies in routine clinical care may have meant PD-1 monotherapies patients were more likely to have 1L = first-line treatment, 95% CI = 95% confidence interval, BMI = body mass index, BRAF/MEK combo = BRAF/MEK combination therapy, ECOG = Eastern Cooperative Oncology Group, LDH = lactate dehydrogenase, OS = overall survival, PFS = progression-free survival. Table 4 Multivariable Cox proportional hazard models on overall survival and physician-assessed PFS among advanced melanoma patient initiating first-line treatment. 1L = first-line treatment, 95% CI = 95% confidence interval, OS = overall survival, PFS = progression-free survival.
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Medicine ongoing therapy at the end of the study period. Future research can continue to follow these patients to more fully assess clinical outcomes.
The results of this study should be considered in the context of the strengths and limitations of the data source and study design. The standardization of the data collection methods and instruments, and the reporting practices of the physicians might have been impeded by the iKM system which is used for clinical practice reasons and not solely for research purposes. The iKM EHR contains information on patients only when they are seen by USON physicians. Services and procedures provided outside of the USON (e.g., hospitalizations, bone marrow transplants, and radiation therapies) are not captured by the database. The USON may be different from other community oncology practices in the patient population that is seen or the prescribing practices of the physicians. Therefore, results cannot be generalized to the U.S. population or to all community oncology practices without further evaluation.
The treatment landscape for advanced melanoma has evolved with the advent of novel agents, particularly anti-PD1 therapies. By retrospectively assessing how these changes manifested across a large network of US-based community oncology practices, the results of this study provide insight into real-world treatment trends and clinical outcomes in the era of immunotherapies. A rapid adoption of modern immune checkpoint inhibitors and BRAF targeted therapies has been observed with treatment selection in the community setting. There do appear to be some variation in treatment selection among different populations of patients including those with BRAF mutations, older age, elevated LDH, and brain metastases. Treatment outcomes in the community setting are within expected ranges compared to clinical trial outcomes. As might be expected, patients with poor performance status or brain metastases due more poorly than patients without these features, making their exclusion from clinical trials reasonable. Future comparative outcomes research can expand upon these findings to explore differences between treatment subgroups, as well as factors that influence treatmentdecision making for advanced melanoma, including underlying differences in patient subpopulations and the sequence of therapies across lines of therapy.
